SECOND COMPARISON COPY 



Deletions appear as Overstrike text 
Additions appear as Underlined text 



Attorney Docket No A 015258-066300US 
Client Re-fe8^ie-@--No.v---<S^VVT4P. 7444^t:/iiA 

SECOND SUBSTITUTE SPECIFICATION 

METHOD AND ARRANGEMENT FOR TREATING PULP 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and arrangement for treating pulp. The 
method and arrangement according to the invention are especially suitable for use in 
production of chemical pulp in situations where gas must be removed from the pulp and 
where the pulp must be diluted. The invention is, of course, also suitable for use in other 
corresponding applications in both chemical and mechanical wood processing 
iafes ^indiistries . 

BRIEF SUMMARY OF THE INVENTION 

[0002] In the following disclosure chemical wood processing and one especial process 

arrangement are used only as an example of how the method and arrangement according to 
the invention are applicable to an industrial process. It is thus to be understood that the 
invention can also be used in other locations of both a chemical pulping line and totally 
different processes of wood processing industry. 

[0003] As disclosed in prior art, chemical wood processing can be considered to start from 
the digester, in which the wood material fed into the digester as chips is treated so that 
subsequent to the digester the pulp is mainly in fibrous state or it can at least be easily 
disintegrated into fibrous state. The so-called brown stock discharged from the digester is 
washed and taken into delignification stage, in which oxygen is usually used as the 
delignification chemical. The delignification stage ends with washing, which can be 
accomplished by means of wire or drum presses, pressurized drum presses or suction drum 
presses. The so-called DrumDisplacer'^'^-washer that in the recent years has become relatively 
popular- is by its working principle a pressurized drum washer, but a typical feature of it is 
that a number of washing stages have been arranged therein. In most cases the washers 



discharge the pulp in medium consistency, i. -e. at a consistency of about 10 •%. The presses 
can, however, discharge the pulp in a consistency of about 20%. 

[0004] Very often the washing is performed with apparatus that require that the feed 
consistency of the pulp is relatively low. The requirements for the feed consistency range 
from a few percent to close to to^twee^ ^l6% depending on the apparatus used. 

[0005] In other words, the brown stocky or, more generally, pulp has to be diluted prior to 
its introduction into a washing apparatus. Also, it has to be kept in mind that the brown stock 
or pulp should be as gas-free as possible as the presence of gas in the pulp has a negative 
effect both in the washing/filtering operation and in the treatment of the filtrates later on. For 
instance, filtrates having a high gas content tend to start foaming when they are pumped 
further, just to name one problem caused by excess gas in the filtrates. 

[0006] The so-called delignification process is followed in the process by the pulp 
screening, the aim of which is to separate the material unwanted for further process and 
especially for the final product from the pulp. Screening is, however, an operation requiring 
the consistency of the pulp to be diluted to about l%-3 -%, depending ei^-to some degree on 
the apparatus to be used. In order to dilute the pulp from the discharge consistency of the 
washing apparatus of over 20--% to the consistency of a few percent required by the screening 
apparatus, an intermediate tank is arranged in the process subsequent to the washing 
apparatus for pumping the necessary amount of dilution liquid. In most cases the pulp from 
the washing apparatus is discharged into the intermediate tank through the top thereof, 
whereby the pulp is discharged directly adjacent the dilution mixer located at the bottom of 
the tank and is quickly mixed with the dilution liquid introduced preferably through the mixer 
so that pulp in relatively even consistency can be pumped from the tank into the subsequent 
process stage, the screening apparatus. 

[0007] WO-Al -92/036 13, on the other hand, discusses a so-called short circulation of a 
paper machine which is used for flowing a pulp slurry between a low consistency (3--%^5%) 
pulp storage tank and the forming wire of a paper making machine. The short circulation 
includes a pipe system for conveying the slurry from the storage tank toward the forming 
section and a deaerating centrifugal pump interposed in the pipe system for causing the slurry 
to flow and for removing gas from the slurry, and for venting the removed gas to a location 
outside of the pipe system. After the deaeration of the slurry, the slurry is diluted by means of 
filtrate received from the forming section of the paper machine. 



[0008] Several problems have, however, been observed in the pulp production process 
described above. 



[0009] Firstly, especially after the oxygen stage there are relatively ^^^ Hinany gaseous 
substances in the pulp that are not separated from the pulp even during washing, but they pass 
through the washer to the intermediate tank. In the atmospheric condition of the intermediate 
tank the gases lift a portion of the ^i^si^ flbers in the diluted pulp to the level of the surface of 
the liquid in the tanJ<:, whereby a dense ^fej^ fiber cover is formed on the surface. The Slm^ llber 
cover will prevent almost all separation of gases from the diluted pulp, whereby the gases 
pass with the pulp to the screening apparatus and from there further into the process. 
Additionally the presence of gas in the pulp is always detrimental to the pumping, when the 
gas content of the pulp reaches the value of a few per cent. 

[0010] Secondly, the fibj- efitoer cover will over time cause the Sfere-s^^ri remaining on the 
surface of the pulp to be spoiled by the influence of air. When the tank is also used as a buffer 
tank, the surface of which is sometimes drained very low, this spoiled fikr^ ^ijber material is 
mixed with the rest of the diluted pulp during the low surface condition, whereby the spoiled 
ffe ^lih£r material can be passed on as far as to the final product and cause a momentary 
deterioration of its quality. 

[0011] Thirdly, as the Mm illbar cover is mixed with the rest of the pulp during the low 
surface condition, the consistency of the diluted pulp increases momentarily, because the 
consistency of the Sm^libgE cover floating in the tank is much higher than the consistency of 
the rest of the pulp in the tank. Subsequent to this it only depends on the dilution regulation 
system of the tank whether the change of consistency is seen in the whole process or whether 
the regulation system reacts correctly and fast enough to even out the consistency to a desired 
level. 

[0012] The size of the intermediate tank can be seen as a fourth problem, completely 
separate from the previous problems, the size varying from some tens of cubic meters to 
hundreds of cubic meters. The size of the tank is determined on the other hand mostly by the 
buffering needs of the process, i.-e. the need to store pulp in case of fluctuations in the 
production of the digester side of the process. On the other hand, though, the consistency of 
the stored pulp is also important, because doubling the consistency would reduce the required 
size of the tank by half. Correspondingly, tripling the consistency would reduce the required 
size to a third of the original. With such big differences between the high and low consistency 



tanks it is possible to achieve savings in both costs and space by changing to a higher 
consistency. 

[0013] It has been proposed to solve this gas problem by means of an AirSep"^^ pump 
produced by Sulzer Pumps Finland Oy, the pump being arranged after the intermediate tank 
as a feed pump for the screening apparatus. Even though the pump is capable of removing a 
considerable amount of the gas, functional problems have been noted in some screening 
apparatuses that are more sensitive to gas contained by the pulp. These problems can express 
themselves for example so that gas is slowly accumulated into the screening apparatus, the 
gas being then discharged in greater amounts into the subsequent process, causing various 
unwanted phenomena there. 

[0014] The above-mentioned problems can be solved by-io a number of ways. If the 
^-^^^^fflllS cover or Sm^fiMr raft (as it also can be called) is considered as the problem, it is 
possible to try ^^iHi-to avoid its formation by using the ways disclosed in the patent application 
FI 971330 by Sulzer Pumps Finland or patents FI 98836 and FI 10001 1 by Sulzer Pumps 
Finland. These publications disclose either different ways of feeding the pulp over the pulp 
already in the tank or into at least the surface layer thereof or uniform diluting of the pulp in 
the tank. 

[0015] These solutions do not, however, address the removal of gas in the pulp, although 
they improve the separation of gas from pulp by at least partially preventing the formation of 
the Sm^^^r raft. 

[0016] However, if the goal is to more efficiently remove gas from the pulp, it must 
according to our understanding be done in a consistency higher than the screening 
consistency. It has namely been seen in practice that gas is more easily separated fi'om the 
pulp when the consistency of the pulp is higher. This rule is true to at least consistencies up to 
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[0017] Further, the increase of consistency to alleviate the gas problem will also help the 
problem with the size of the tank. 

10018] Among the advantages of the use of the method according to the invention can be 
listed, for example, that: 

- the gas content of the pulp is essentially lower than previously, whereby the subsequent part 
of the process fiinctions better. 



- a smaller intermediate tank is sufficient, whereby there are savings in both space and 
construction costs. 

[0019] The method for treating pulp according to the invention, in which method pulp is 
moved from a first, higher consistency to a treatment in a second, lower consistency, is 
characterized in that 

a) gas is separated from the pulp in a consistency higher than ^^4the second consistency, 

b) pulp is pumped in the low consistency treatment, and 

c) pulp is diluted to eaki~lhg,second consistency prior to the treatment in f^^M -ihiL Consistency. 

[0020] The arrangement for treating pulp according to the invention, the arrangement 
comprising at least a first pulp treatment apparatus, from which pulp is discharged in a first 

consistency, a second pulp treatment apparatus requiring a second consistency, lower than the 
discharge consistency of the first pulp discharge apparatus, and a pump for transferring pulp 
into the second pulp treatment apparatus, is characterized in that both an apparatus for 
degassing the pulp at a consistency higher than s-^mithe second consistency and an apparatus 
for diluting the pulp into the consistency required by the second pulp treatment apparatus 
i ^are arranged between the first and second pulp treatment apparatuses. 

[0021] Other characterizing features of the method and arrangement according to the 
invention are disclosed in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] In the following, the method and arrangement according to the invention are 
described in more detail, with reference to the appended drawingSr^rf-w-l^^^^^fe-i 

ji-^^ ^[00231 Fig. 1 illustrates a prior art process arrangement, 

fiiHjT^rf0024| Fi^. 2 illustrates a process arrangement according to a preferred embodiment 
of the invention, 

feH ^[002S1 Fijg.. 3 illustrates a process arrangement according to another preferred 
embodiment of the invention, 

fe^[0ft26l ¥iff. 4 illustrates a process arrangement according to a third preferred 
embodiment of the invention, and 



feH:v4^i^^0027| Fig. 5 illustrates a process arrangement according to a fourth preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] As shown in ^g^s^eEg* 1 , a prior art process arrangement starts with a washing 
apparatus 5, which can, as described above, be a pressurized drum washer, SLSuction drum 
washer, a wire press or a roll press, to name a few examples. Subsequent to the washing 
apparatus there is an intermediate tank 10, which can also be called a buffer tank or a storage 
tank. In any case, the tank is preferably provided with a mixer 12 as described in FI ELpatent 
90732 for mixing the dilution liquid into the pulp introduced into the tank 10. The pulp can 
be introduced into the tank 10 from the washer apparatus 5 through a conduit most often 
located on the cover 14 of the tank. The diluted pulp is discharged from the tank, from the 
bottom thereof, by means of a pump 16, the pump being, for example, a gas separating so- 
called AirSep"^"^ pump. The pressure of the pulp is increased by means of the pump 16 for the 
subsequent screening stage 50 of the process. 

[0029] As stated above, the prior art process arrangement does not work in an optimal way. 
It has, firstly, been noted that especially after the oxygen stage, oxygen delignification, there 
are relatively B^^j ^maoy gaseous substances present in the pulp, the substances passing 
through the washer 5 into the intermediate tank 10. In the atmospheric conditions of the 
intermediate tank 10 the gases on their part cause the relatively fast forming of a dense 
S[^^^£E raft on the surface of the pulp, the ^^ ^JSIaia: raft preventing almost totally the 
separation of gas from the diluted pulp, whereby the gases are trapped in the diluted pulp and 
are transferred further into the process with the pulp. 

10030] Secondly, the l^^ ^filier raft is slowly spoiled by the influence of air and other gases. 
When the tank 10 is used also as a buffer tank, the surface of which is sometimes drained 
very low, the spoiled 4il^R? llber material is mixed with the rest of the diluted pulp during the 
low surface condition, whereby the spoiled ffe efjMr material can be passed on as far as to 
the final product and cause a momentary deterioration of its quality. 

10031] Thirdly, as the ^m ^fiher raft is mixed with the rest of the pulp, the consistency of 
the diluted pulp increases momentarily, because the consistency of the j^fey efiber cover 
floating on the surface of the tank 10 is much higher than the consistency of the rest of the 
pulp in the tank 10. 



[0032] The size of the intermediate tank 10 can be seen as a fourth problem, the size 
varying from some tens of cubic meters to hundreds of cubic meters. The size of the tank 10 
is mostly determined by the buffering needs of the process, i. e. the need to store pulp in case 
of fluctuations in the production of the digester side of the process^^, A large tank 10 can be 
seen as a problem because of bothr its space requirements and its production costs. 

[0033] As a solution to the problem it is proposed to dilute the pulp subsequent to the tank, 
whereby the pulp would be stored in the buffer tank in higher consistency. It is at the same 
time proposed to remove gas from the pulp in higher consistency before diluting the pulp. 

[0034] Fk^^B ^Figs. 2-4 show process arrangements according to some preferred 
embodiments of the invention, the arrangements starting from the washing apparatus 5 as in 
prior art. Subsequent to that, however, the process arrangement has been changed so as to 
allow storing the pulp in the intermediate tank in higher consistency. The process 
arrangement is shown to end in the screening stage 50, which in practice thereby preferably 
remains unchanged, like the washing apparatus, despite the changes in the process part 
therebetween. 

[0035] FigTO^^ 2 shows a process arrangement according to a preferred embodiment of the 
invention, in which pulp is discharged into the intermediate tank 20 from the washing 
apparatus 5 as in prior art, in the discharge consistency of the washing apparatus, the 
consistency being of course higher than the consistency of the screening stage 50. In this 
embodiment, however, the pulp is not diluted in the intermediate tank, at least not to the 
consistency needed by the screening stage, but the consistency of the pulp is kept preferably 
equal with the discharge consistency of the washing apparatus. However, in some cases, 
when the discharge consistency is very high (most usually over 14~%), pulp must hiLdiluted in 

the tank 20, but even in this case to only the medium consistency range of about 10 %-12- %. 

In the embodiment shown in the figure a bottom scraper 22 has been arranged in connection 
with the bottom of the tank, by means of which pulp is discharged from the tank 20 to the 
drop leg 24. If dilution is needed, it can preferably be done by means of f^Mthe bottom 
scraper 22. A so-called MC"^"^ pump 26 having gas separation capable of pumping medium 
consistency pulp, various altemative examples of which have been disclosed in, for example^ 
patents US 4,921,-400, US 5, 058, 615, US 5,019, 136, US 5,167, 678, US 4,971, 519, US 
4,877,424, US 4,-877,-368, US 4,981,-413, US 5,152,^663, US 5,538,-597, US 5,114,^310, US 
5,078,-573, US 5,116,-198, US 5,151,-010, US 5,842,-833, US 6,120, -252, US 6,551,-054 of 



Sulzer Pumps Finland, which are hereby included as reference in this disclosure, has been 
arranged in the bottom end of the drop leg 24. typical feature of ^^ai4 ~thp; MC™ pump is 
that a rotor producing powerful turbulence in the pulp has been arranged at least partially 
inside the inlet tract of the pump. In most cases the rotor is integral with the impeller of 
the p ump. The MC"^"^ pump 26 is used for both discharging pulp from the drop leg and 
separating gas. Pulp is fed into the mixer 28 by means of a pump 26, the mixer being used for 
diluting the pulp into the consistency of the subsequent process stage, in this example the 
screening stage 50. 

[0036] Compared to a prior art process arrangement this process according to the invention 
i:t^^»a6 ^iid]|iz£& both storing the pulp in the intermediate tank and discharging pulp from the 
tank in a consistency higher than that of prior art, mostly in MC"^"^ consistency, which will 
prevent the detrimental effects of the 4^l=m#lher raft formed in connection with diluting. 
Simultaneously with the increase of the storage consistency it has been possible to decrease 
the size of the tank. 

[0037] The transition from AirSep"^"^ 4:e"pumps to MC"^*^ pumps has on its part caused a 
considerably more efficient gas separation, whereby the fiirther treatment of pulp in 
subsequent process is easier because of reduced gas content. 

[0038] FigiH^e^ 3 shows a process arrangement according to another preferred embodiment 
of the invention. It can be used in applications in which no large buffer tank is needed, but the 
process is relatively stable^^^^^feal^JtaLorder to ensure an even flow of pulp is sufficient to 
discharge pulp from the washing apparatus 5 directly into the drop leg 30, the lower end ef 
wfe4efe-is connected to a so-called MC"^"^ pump of the type mentioned above, subsequent to 



[0039] In closer detail, there can be at least three different basic types of drop leg solutions. 
The first basic type can be seen as a solution most resembling the embodiment of -SgiH-eEigi 2, 
i.-e. a situation in which the above-mentioned MO pump is connected to the bottom of the 
drop leg SO" that it can discharge the drop leg directly without any auxiliary means. 

[0040] In another basic type, shown in 41gim^Eigi 3, an essentially vertical rotor 32 has been 
arranged inside the drop leg 3 Or for helping the pulp flow in the drop leg 30 downwards until 
the inlet of the MC^^ pump. The rotor 32 can be a rotor forming only efficient turbulence or it 
can additionally be provided with gas separation in a way known from prior art. 



a dilution mixer 28 and a screening stage 50. 



[0041] In the third basic type the drop leg 30 with its rotor 32 is- similar to that of the other 
basic tj^e, but the pump is no longer an MC"^"^ pump, but fte"itis_a simpler centrifugal pump 
that is not provided with a rotor forming efficient turbulence in its inlet. In other words it has 
been found that in some situations, in which the consistency of the pulp is not very high, a 
rotor provided in the drop leg, either with gas separation or without it, can ensure that pulp 
will flow to the lower end of the drop leg and from there through the inlet to the impeller of 
the centrifugal pump. 

[0042] It must further be noted that it is common to all these altematives shown in 
connection with lij^ ^Eig^ 3 that gas is separated from the pulp prior to diluting the pulp to 
ease the subsequent process. 

[0043] Figim^ 4 shows a process arrangement according to a third preferred embodiment of 
the invention. It is applicable to situations- in which pulp flow from the washing apparatus is 
essentially even and no considerable buffer capacity is needed in the fife^fflbgr line at this 
point. In fact, US patent 5,851,-350, which is hereby incorporated as reference in its entirety, 
discloses the pumping arrangement in more detail, a typical feature of the arrangement being 
that the discharge screw of the washing apparatus 5, most washing apparatuses being 
provided with one, feeds pulp essentially directly to the inlet channel 42 of the pump 26. 
Thus the pump 26 does not have to be provided with a turbulence-forming rotor, even if it 
were preferred, especially in connection with higher consistencies. Other solutions described 
in US patent 5,-851,-350 can also be used in this construction solution, of which solutions 
especially the ones shown in ^jg^^^ ^^ Fsos. 6a, 6b, 7a and 7b are mentioned without excluding 
other solutions. It is typical of these that a small intermediate tank has been provided between 
the washing apparatus and the pump, into which tank the screw of the washing apparatus 
feeds the pulp. Preferably the intermediate tank is f^^t^^iy^^va^gressim^ but it can also be 
atmospheric, whereby the solution is quite similar to the drop leg solution shown in ftg^i^EJgi 
3, with the exception that the washing apparatus can be arranged on the same level with the 
screening stage. 

[0044] It is to be noted fehin connection with the above examples that even though the 
dilution mixer 28 has in the figures been shown as an apparatus having a rotor, the dilution 

mixing can also be carried out either using a static mixer or a mixer rotating on its own in the 
flow. In principle, a conventional centrifugal pump, or an MC^^ pump, can also be used as a 
mixer, with the liquid required for dilution being introduced into the inlet channel or inlet 



duct or into a specifically designed inlet duct for the dilution liquid. It is B>=^toi=;^My ilsiJ)ossible 
to use centrifugal pumps designed for this purpose, too, in which the impeller is designed 
with mixing in mind. Since the same apparatus can, optionally, be used for both degassing the 
pulp or stock, and for diluting the pulp^ one may imagine that the degassing of pulp does not 
take place exactly in the discharge consistency of the upstream storage tower, the treatment 
apparatus or the like but in a somewhat lower consistency. However, in any case, in 
accordance with the invention the degassing is done at a consistency higher than the feed 
consistency of the treatment apparatus later in the process. 

[0045] In Fig. 5 yet another embodiment of the invention has been shown. In a similar 
manner as in the embodiments discussed in connection with Figs. 2-4, the presence of gas is 
harmful to the operation of various kinds of pulp washing and dewatering equipment. Also 
the washing and/or dewatering or filtering equipment requires often dilution of pulp to a 
consistency well below lO-pe^^e^e?^^ Thus Fig. 5 illustrates a process arrangement where 
pulp, or brown stocky is introduced in at least medium consistency to a storage tower, or a 
blow tank (into which broAvn stock from a digester is blown) or some other vessel 20, from 
where the pulp is introduced into a pump 26 capable of pumping pulp of at least medium 
consistency. Preferably the pump 26 is capable of separating gas from the pulp while 
pumping the pulp. The pump 26 transfers the pulp to a washing, filtering or dewatering unit 
55. A common feature to the unit 55^ whether it is a vacuum drum washer, a pressurized 
drum washer, a wash press, or a wire press, just to name a few options without any intention 
to limit the scope of the applicable washing/filtering devices, is the need of receiving the pulp 
at a lower consistency. Fig. 5 suggests the use of a dilution mixer 28 between the pump 26 
and the washing/filtering unit 55 just as the earlier embodiments, too. However, as already 
mentioned before, the pump 26 could also be used for diluting the pulp whereby a separate 
mixer for diluting the pulp would not be required. 

[0046] It should accordingly be noted that in addition to the above-mentioned so-called 
MC^"^ pump it^being proposed to be used in pumping pulp and separating gas therefrom, it is 
also possible to use other suitable apparatuses for this purpose, the apparatuses being capable 
of both separating gas from the pulp and pumping the pulp in the desired consistency. 

[0047] It should be noted from the above disclosure that the invention has only been 
described with reference to a few exemplary solutions. These solutions are not intended as 



limiting the invention to only the above-mentioned details, but the invention is limited only 
by the appended claims and the definitions therein. 
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